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Abstract 
To explore the influence of government on the power-law distribution of city fires, the dataset consisting of 24,645 fires of Jiangxi from 
2006 to 2010 was analyzed. The frequency-loss distribution of city fires in Jiangxi was found to satisfy a power-law relation in each year. 
The difference between the distribution of small and large fires suggests that there may be some factors influencing the distribution 
patterns of city fires with different losses. The stability of large fire distribution and the variance of small fire distribution indicate the 
existence of influencing factors. The influence of government was examined by comparing the distribution of small fires in periods with 
and without serious fires of Fuzhou, Jiujiang, and Yichun. The smaller slope of fitting lines for small fires in periods without serious fires 
demonstrates that the government is one of the factors influencing the distribution of small fires. However, it can also be concluded that 
there may also be other factors affecting the distribution because the frequency-loss distribution of small fires still differs from that of 
large fires in period without serious fires. 
 2013 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Asia-Oceania Association for Fire Science 
and Technology. 
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1. Introduction 
Self-organized criticality (SOC) was introduced by Bak et al. as an explanation for the behavior of the 'sand pile' model 
[1, 2]. Because of the difficulty in comprehension, a more easily understandable definition of SOC behavior is used instead 
of the rigorous definition [3]: a system is in a state of SOC if a measure of the system fluctuates about a state of marginal 
stability. In SOC, the constant 'input' to a complex system will result in a series of events or 'avalanches' that follow a 
power-law (fractal) frequency-size distribution. For example, in the sand pile model, sand avalanches of different scales 
happen due to the steady addition of sand grains. Small sand avalanches are very frequent while large ones are rare, which 
satisfies a power-law distribution. The SOC has been widely used to describe the behavior of extended dynamical systems 
including earthquakes [4], landslides [5], forest fires [6], and so on. 
Comparing with nature hazard systems, city fire system is more complex because more human interference is involved. 
Several researches have revealed that the city fire distribution also has power-law behavior [7-10]. It is noticed that in 
literature [7], a difference between the distributions of small fires and large fires was pointed out: the frequency-loss 
distribution of large fires follows a power law, while that of small fires depends less on fire size. Similarly, literature [8] 
drew the conclusion that the frequency-loss distribution of city fires has a segmented power-law relation. In literature [10], 
two power-law regions of city fires were identified. 
As mentioned in [7], there may be two reasons for this difference. One may be the possibly different dynamics of small 
fires and large fires, and the other may be the level of detail of the small fire records. Song et al. analyzed the latter reason 
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by comparing the results of data sources with different level of detail and believed that the absence of small fire records is at 
least one of the reasons leading to the difference. However, the former reason has not been analyzed or discussed. 
Actually, as an important part of the city fire system, the socioeconomic factors impact greatly on the system output (i.e. 
city fires), which makes the dynamics of city fire system unlike nature hazard systems. Much works have been done in this 
field. For example, Duncanson et al. investigated the relationship between socioeconomic deprivation and risk of an 
unintentional fatal domestic fire incident [11]; Corcoran et al. explored the relationships between the types of socio-
economic factors that are associated with different fire incident types [12]; Wang et al. studied the influence of human 
activities on urban fires [13]. In previous studies, the government, which is as important as other socioeconomic factors in 
the city fire system, has not been given due attention. However, it is a fact that the government plays an important role in the 
city fire system, which is especially true in China. Zhou and Yang analyzed the effect on monthly fire occurrence statistics 
caused by serious fires which eventually turn into government actions [14]. They found that the impact of government after 
serious fires on monthly fires lasts for months for cities in Jiangsu, China. Generally, after serious fires with casualties 
and/or huge losses, the Ministry of Public Security of China will release emergency notes with emphasis and requirements 
on reducing fire hazards. On the other hand, activities such as the firewall project and the fire danger elimination action 
are carried out by government at times. All these government actions will somehow urge the local governments and the 
public to take measures improving fire prevention and enhancing fire fighting forces. This will affect the occurrence and 
thus the frequency-loss distribution of city fires. 
Therefore, the impact of government is important to explain the difference between the distributions of small and large 
fires from the system dynamic aspect. In this paper, the difference was examined based on a dataset of city fires in Jiangxi, 
China. The government influence on the power-law frequency-size distribution was analyzed. 
2. Materials and methods 
The dataset analyzed in this paper was obtained from Fire Bureau of Jiangxi. The dataset consists of 24,645 cases from 
11 cities of Jiangxi 2006 to 2010. The information of every case includes the date, ignition time, location, cause, casualties, 
and direct loss of the fire. The direct loss will be used to calculate the frequency-loss distribution. The date and location of 
the fire are used for grouping. Table 1 lists the descriptive statistics of the direct loss grouped by years and cities. 
Table 1. Descriptive statistics of direct loss grouped by years and cities 
Group Number Min (CNY) Max (CNY) Mean (CNY) SD (CNY) 
All 24,645 0 9,545,732 13,165.13 137,817.90 
2006 2,650 0 2,918,617 13,371.50 82,972.67 
2007 5,305 0 838,518 7,908.17 34,199.65 
2008 6,025 0 8,007,735 16,502.90 184,979.79 
2009 5,955 0 6,479,813 11,265.94 114,154.28 
2010 4,710 0 9,545,732 17,101.63 184,110.54 
Fuzhou 2,135 0 2,065,750 11,924.33 76,838.87 
Ganzhou 1,898 0 1,965,792 25,354.95 89,970.74 
Jian 2,562 0 1,500,000 9,467.24 42,054.05 
Jingdezhen 655 0 6,800,000 35,048.49 352,095.91 
Jiujiang 1,849 0 3,500,000 15,908.35 114,303.07 
Nanchang 6,542 0 9,545,732 7,999.15 159,012.48 
Pingxiang 1,416 0 4,119,117 12,379.97 112,963.86 
Shangrao 1,824 0 8,007,735 23,441.94 262,142.06 
Xinyu 392 0 600,000 16,018.89 51,112.34 
Yichun 4,576 0 2,000,000 10,448.37 63,415.09 
Yingtan 796 0 500,000 9,467.85 38,415.40 
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The direct loss frequency was shown in Fig. 1. It can be found that the records of direct loss include enough details of 
different fire sizes. Therefore, it can be considered that the impact of the detail level of fire records on the distribution is 
minimized. The calculation for frequency of fires with different direct loss is carried out as follows [7]: 
The occurrence frequency of fires with loss L is defined as 
 ( ) YLnF=  (1) 
where n(L) is the number of fires with loss L in Y years. Because the number of fires with loss higher than L in Y years can 
be calculated as: 
 ( ) ( ) ( )∫∑ ∞=′>′ ′′∝′= LL LLLL LdLnLnN max  (2) 
So that 
 ( ) ( ) dLdNLn LL >′−=  (3) 
Therefore, the occurrence frequency of fires with loss L can also be calculated as 
 ( ) ( ) dLYNddLNdF LLLL )( >′>′ −=−=   (4) 
If a power-law relationship between frequency and loss exists, we can write 
 α−∝LF  (5) 
Hence, a power-law relation appears to be a straight line with a slope of α in a log-log coordinate. 
 
Fig. 1. Frequency and cumulative percentage of fires with different direct losses. 
3. Results and discussion 
The frequency of fires with different loss is calculated using Eq. (4). The Frequency-loss distribution of city fires in 
Jiangxi grouped by years is shown in Fig. 2. The boundary of small and large fires could be set at about 1000 Yuan 
according to the breaking point of the fitting lines. The linear fits of small and large fires are obviously different from each 
other. The frequency of large fires decreases sharply while the frequency of small fires decreases more gently as the fire loss 
increases. The fitting lines of small fires which ought to have the same slope as large fires are not as steep as expected. It 
may be inferred that there are some factors making the occurrence of small fires less, resulting in the change of the small 
fire distributions. 
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Fig. 2. Frequency-loss distribution of city fires in Jiangxi grouped by years. 
The frequency-loss distribution of large fires keeps a steady power-law relation during 2006 to 2010, whereas the fitting 
lines of small fires varies in slope. Table 2 shows the slopes and its standard error of small and large fires from 2006 to 2010. 
Besides the obvious difference of slopes between small and large fires, the standard deviations of slopes of large fires are 
smaller than that of small fires. It means that the power-law relation of large fire distribution is better and steadier. In other 
word, the variance of the yearly fitting lines of small fires suggests the existence of influence factors which also change 
along with years. 
Table 2. Slopes and its standard error of fitting lines for small and large fires from 2006 to 2010 
Year Slope & SE  
 Small fires Large fires 
2006 -0.2330.117 -1.7810.052 
2007 -0.4400.104 -1.8300.068 
2008 -0.3890.114 -1.7790.047 
2009 -0.3090.108 -1.8340.066 
2010 -0.3770.096 -1.7240.064 
Mean -0.350 -1.790 
SD 0.080 0.045 
 
In summary, the distribution of small fires differs from that of large fires, and changes of distribution of small fires may 
exist between years. As mentioned above, government will always take actions after serious fires. These actions reduce the 
number and frequency of fires [14]. However, the enhancement of fire prevention or the improvement of fire fighting force 
would only affect small fires and their influence on large fires is limited. Because small fires are much easier to prevented or 
put out than large fires. That is to say, the government actions will have more influence on small fires and large fires are 
hardly affected. Therefore, the government actions could be one of the factors which make the frequency-loss distribution of 
small and large fires different from each other. To analyze it, comparisons were conduct in the following part. 
Because the government actions mostly come after serious fires, the periods with less or no government actions equals to, 
to some extent, the periods without serious fires. It is impossible to find a period without government impact completely, 
but in the period without serious fires, the impact of government may be less. Finally, Fuzhou, Jiujiang, and Yichun are 
chosen to be analyzed because they all have a period of at least 18 months during which no serious fire happened. Here, the 
serious fire refers to a fire with any fatalities or having a direct loss of 1 million Yuan or more. Because the government 
influence after serious fires may last for months [14], the first 6 months of those periods were excluded to ensure the 
minimization of government influence.  
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The periods with serious fires were chosen to be the whole interval of the dataset. Comparisons were conduct between 
periods with and without serious fires in the 3 cities and their frequency-loss distributions are shown in Fig. 3 to Fig. 5, 
respectively. It can be found that the slopes of small fires in periods without serious fires are steeper, and the frequency of 
small fires depends less on the fire size when the government influence exists. That is to say, the small fires in the period 
with government actions are controlled so that the frequency decreases. On the other hand, the slope of fitting line for large 
fires varies slightly. Table 3 shows the slopes, the change of slopes, and the percentage of change of small and large fires in 
periods with and without serious fires of the 3 cities. The slopes of small fires change much more than large fires. The 
percentages of change are all bigger than 20% for small fires, while that for large fires are all within 5%, which can be 
regarded as small fluctuations. It can be inferred that the government has bigger influence on small fires than big fires. 
However, in the period without serious fires, the slopes of fitting lines for small fires still differ from large fires greatly. 
Hence, it can be concluded that the influence of government may not be entirely removed in the comparison because the 
government influence always exists despite of the occurrence of serious fire. Additionally, besides the government, there 
may be other factors which affect the distribution of city fires, which need to be studied further. 
 
Fig. 3. Frequency-loss distribution of city fires in periods with and without serious fires in Fuzhou. 
 
Fig. 4. Frequency-loss distribution of city fires in periods with and without serious fires in Jiujiang. 
 
Fig. 5. Frequency-loss distribution of city fires in periods with and without serious fires in Yichun. 
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Table 3. Slopes and its standard error of small and large fires in periods with and without serious fires of Fuzhou, Jiujiang, and Yichun 
Slope & SE Fuzhou   Jiujiang   Yichun  
 Small fires Large fires  Small fires Large fires  Small fires Large fires 
With serious fires 0.3920.098 1.7240.062  0.4890.125 1.6220.062  0.4960.124 1.8080.068 
Without serious fires 0.5430.095 1.7660.080  0.6000.108 1.5550.150  0.6610.133 1.7530.117 
Change 0.151 0.042  0.111 +0.067  0.165 +0.055 
Percentage of change 38.5% 2.4%  22.7% 4.1%  33.3% 3.0% 
4. Conclusions 
By analyzing the dataset including 24,645 cases of city fires in Jiangxi from 2006 to 2010, the frequency-loss distribution 
of city fires was found to satisfy a power-law relation. The frequency-loss distribution is different between small and large 
fires whose boundary was set at about 1000 Yuan direct loss. The frequency of large fires depends more on the fire size than 
that of small fires. The fitting line varies slightly for large fires and changes for small fires in different years, indicating the 
existence of influencing factors on distribution of small fires. The comparisons of small fire distribution in periods with and 
without serious fires of Fuzhou, Jiujiang, and Yichun demonstrate that, without the influence of government after serious 
fires, the frequency of small fires increases while the frequency-loss distribution of large fires remains relatively stable. It 
indicates that the government is one of the influence factors resulting in the difference of frequency-loss distributions 
between small and large fires. However, the frequency-loss distribution of small fires in periods without serious fires still 
differs from that of large fires, which means that there may be other factors having influence on the occurrence and 
frequency-loss distribution of small fires besides the government. 
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